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ABSTRACT 
 
The combination of runoff-generating areas (saturated soils) and overland flow concentration 
in features such as drainage ditches makes sloping farmland vulnerable to soil erosion. The 
establishment of drainage ditches aims at draining the excess of water from the farmland, 
particularly in areas where soils are saturated in the rainy season. The hydrogeomorphic 
impacts on the farmland itself and on downstream areas need however also to be studied. Off-
site, downstream problems comprise higher peak discharges, leading to gully initiation, an 
increase in sediment load, and flooding problems. On-site problems such as the development 
of the drainage ditches into (ephemeral) gullies are much less documented although they may 
be important, as illustrated in the Lake Tana basin (Ethiopia). The similarities and interactions 
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between ephemeral gully channels and drainage ditches have to be considered to better 
understand all effects of drainage. Drainage ditches are a potential source of conflict between 
farmers with different interests and power, as well as between up- and downstream users. A 
case study on drainage ditches on sloping farmlands in the Lake Tana basin showed that 9 out 
of 10 catchments had drainage densities by ditches ranging from 53 to 510 m ha
-1
. Drainage 
ditches were constructed with an average top width of 27 (±9) cm. A significant correlation 
was found between stone bund density (physical conservation structures) and ditch drainage 
density (R = -0.72), in line with the Ethiopian government’s ban on drainage ditches in 
farmlands where stone bunds have been constructed. 
 
KEY WORDS: Drainage ditch, cut-off drain, runoff, ephemeral gully, soil saturation, rill, 
stone bund 
 
INTRODUCTION   
As population densities are rising, more pressure is put on the land and even steep sloping 
areas are cultivated (Turkelboom et al., 2008; Smit &Tefera, 2011; Mekuria et al., 2012; 
Haile & Fetene, 2012). In regions where soils have poor internal drainage and where rainfall 
depth exceeds evapotranspiration depth during the rainy season, nearly all sloping farmlands 
require drainage for crop production. Although drainage has a wide range of benefits, in many 
cases the establishment of drainage ditches is perceived as a major mismanagement of 
farmland which leads to on-site and off-site land degradation (Smit & Tefera, 2011; Simane et 
al., 2013; Zhang et al., 2013). The environmental impacts of land surface drainage cannot be 
simply and clearly stated: for instance Pathak et al. (2005) and Turkelboom et al. (2008) 
report that drainage ditches on steep slopes can control gully erosion by diverting the water 
away from the gully head, whereas other studies point to drainage ditches as a triggers of 
gullies (Archibold et al., 2003; Ireland et al., 1939; Smit & Tefera, 2011; Zhang et al. 2013). 
Since gully erosion is the worst stage of soil erosion by water and a worldwide problem 
(Poesen et al., 2003; Valentin et al., 2005), a comprehensive analysis on the hydrological 
effects of man-made drainage ditches is required. 
Here we review the effects of drainage ditches on sloping farmland with a focus on drainage 
ditch systems as a factor initiating rill and gully erosion. First we consider seasonal soil 
saturation as a trigger for runoff production (Archibold et al., 2003). As overland flow leads 
to soil erosion on farmlands and loss of crop yield (Tilahun et al., 2013; Ngatcha et al., 2011; 
Singh & Agnihotri, 1987), the use of drainage ditches and their positive effects for crop 
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production are introduced in the next section. Next, the negative effects of enhanced drainage 
are presented at different scales. Off-site effects such as gully formation (Burkard & 
Kostachuk, 1995; Turkelboom et al, 2008) and increased peak discharge (Holden, 2004; 
Skaggs et al., 1994) are taken into account, followed by the on-site effects (Tebebu et al., 
2010; Shiferaw, 2002). Besides these drainage ditches, we discuss thereafter the naturally 
formed ephemeral gullies which show some similarities with human-made drainage ditches 
(Bewket & Sterk, 2003; Zhang et al., 2007), and consider the spatial and social dimensions of 
these effects of drainage ditches. We finish with a brief example of the use of drainage ditches 
in the Lake Tana basin (Ethiopia) to illustrate the need for further research on the 
hydrogeomorphic effects of drainage ditches. 
 
METHODS 
A critical examination was carried out of 62 scientific (peer-reviewed) journal articles, 3 MSc 
theses and 13 other publications (governmental reports, Food and Agriculture Organization 
(FAO) reports, conference proceedings, chapters in books). This review is illustrated through 
participatory observations on drainage ditches in the Lake Tana basin in Ethiopia, including 
fieldwork during summer 2013, which consisted of interviewing different stakeholders 
concerning drainage ditches (government officials, farmers, scientists at the Bahir Dar 
University), measuring drainage ditch characteristics (top width of drainage ditches, drainage 
density) and other explanatory factors such as stoniness, soil depth and average slope gradient. 
 
SEASONAL SOIL SATURATION AND RUNOFF 
The occurrence of surface runoff has been schematically illustrated by Steenhuis et al. (2009) 
and Bayabil et al. (2010) who divide basins in the hill slopes and the lower, relatively flatter 
areas. Precipitation on the hill slopes can partly infiltrate and partly flow downslope as (sub-) 
surface flow. Areas in the landscape where runon and rain depth are greater than runoff and 
infiltration become saturated during the rainy season. The differences in flow discharge along 
the slope are due to differences in slope gradient,  concavity of the area,  depth to an 
impermeable layer in the soil (Bayabil et al., 2010), transmissivity (James & Roulet, 2009) 
and rainfall characteristics (Ziadat & Taimeh, 2013).  
 Saturation of the soil and jointly its effect on surface runoff is often seasonally bound. 
Tilahun et al. (2013), Ngatcha et al. (2011) and Singh & Agnihotri (1987) amongst others 
studied the erosive effects of overland flow due to soil saturation during the rainy season in 
Ethiopia, Cameroon and India respectively. Concentrated overland flow is the main factor of 
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gully erosion on cropland (Govers et al., 1990; Auzet et al.,1993). Due to soil saturation, 
more runoff water is produced that is captured by the drainage ditch system. Higher 
discharges lead to a larger erosive force of the flows in the downstream gullies (Archibold et 
al., 2003). Shallow soils, if occurring in the middle and lower parts of the slopes, get saturated 
more quickly and hence rill and gully initiation is more likely in these areas (Zhang et al., 
2007; Steenhuis et al., 2009; Bewket & Sterk, 2003).  
 
DRAINAGE OF SLOPING FARMLAND 
The aim of digging drainage ditches on cropland is to reduce the negative effects of excess of 
water on crops. The primary objective of a drainage system on sloping land is to capture the 
temporary excess of water and evacuate it downhill. Artificial drainage of the land aims at 
securing an unsaturated top soil layer and hence (i) reduce the damage from scalding due to 
the detrimental effect of ponding water in hot areas (Luthin, 1966), (ii) prevent soil 
compaction as a result of animal trampling on saturated soil, (iii) support crop germination as 
drained soils are warmer, (iv) prevent subsurface anoxic conditions (waterlogging), (v) 
enhance the water holding capacity, (vi) increase aeration, (vii) lead to more uniform crop 
growth, (viii) allow a greater variety of crops, (ix) lead to a deeper root zone, (x) protect 
plants from disease and (xi) decrease the mechanical power needed for tillage operations. 
(Luthin, 1966; Robinson, 1990; Spaling and Smit, 1995; Zhang et al., 2013).,  
In contrast to level areas where drainage ditches mainly aim at lowering the level of the 
phreatic surface when it comes near or at the surface (Schot et al., 2004; Qureshi  et al., 2013), 
digging ditches to divert runoff water on sloping cropland is a physical soil conservation 
practice to protect the land from uncontrolled runoff and hence decrease the risk of topsoil 
and seedling erosion. It is also used to control gully erosion by diverting runoff water away 
from active gully heads (Pathak et al., 2005; Shiferaw, 2002). Such structures that intercept 
overland flow and divert it laterally to a supposedly safe and well established drainage 
channel are called cut-off drain, diversion ditch (Turkelboom et al., 2008), slanted drain or 
locally in Ethiopia tekebekeb (Shiferaw, 2002) or feses.  
In the Roujan basin in France, drainage ditches are 0.7 to 1.2 m wide and 0.8 to 1.4 m deep 
(Moussa et al., 2002).  Million (1996) found in his study in North Shewa highlands in 
Ethiopia drainage ditches of which the width varied from 30 to 50 cm and depth from 5 to 25 
cm. In northern Thailand and Ethiopia, Turkelboom et al. (2008) and Shiferaw (2002) 
concluded that the widths of the drainage ditches are very variable and mostly determined by 
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the width of the tillage tool. The depth of the drainage ditch depends often on the soil depth. 
The gradient of ditches varied considerably from farmer to farmer from 3 to 20% (Million, 
1996). Turkelboom et al. (2008) found drainage ditches with gradients of 15-50%. In 
developing countries, decisions on the dimensions of the ditch construction variables (width, 
depth, gradient) are based on indigenous knowledge of local conditions and empirical 
observations. Although some studies mention dimensions of drainage ditches as discussed 
above, there is a scarcity of literature about the explanatory factors of drainage densities on 
sloping farmland and about quantities of soil loss associated with the use of drainage ditches. 
The main two categories of man-made drainage systems are (i) subsurface drains and (ii) 
surface drains. Subsurface drainage systems are situated beneath the soil, so the land can be 
farmed over the drain. Their initial cost is however high (Luthin, 1966). Different surface 
drainage ditch systems can be distinguished on sloping lands, where they are often ephemeral 
as they are destroyed during preparatory tillage of the land and shaped again (by hoe or 
plough) after crop emergence in the period when overland flow starts to occur (Shiferaw, 
2002; Million, 1996). The cross-slope ditch system or interception system consists of ditches 
at the lower end of the slope. Water from the farmland is captured by open collector ditches, 
running at a slight angle with the contour. The random-ditch system is applied in fields where 
random depressions exist which are too deep to fill by land smoothing. The ditches will 
connect these depressions to transport the excess of water downslope. Surface-drainage 
bedding system is an old drainage practice. Beds are formed in the farmland and separated by 
parallel open field ditches (Luthin, 1966). These ditches are oriented towards the greatest land 
slope. Typical examples of such land surface drainage techniques are the Camber bed 
drainage in for example Ghana (Nyalemegbe et al., 2010) and  Ethiopia (Srivastava et al., 
1993) or the broad-bed-and furrow (Astatke et al., 2002; Morrison et al., 1990)  both of which 
have been promoted with variable degrees of success (Gebreegziabher et al. 2009). A 
collector drain at the lower end of the field gathers all the drained water. Parallel-ditch system 
can be used on flat, poorly drained soils. The land between the parallel ditches is smoothed, 
so the overland flow encounters no obstruction. For all of the above systems, the cross-
sections of the ditches are trapezoidal or V-shaped if they are smaller (Luthin, 1966).   
 
DRAINAGE DITCHES AND DOWNSTREAM HYDROGEOMORPHIC RESPONSES 
The use of drainage ditches has an impact on the farmland itself and on the downstream area 
(Table I). Drainage ditches may cause hydrogeomorphic changes because of their repetitive 
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and expansive nature (Spaling & Smit, 1995). For example, drainage is frequently associated 
with a reduction in wetlands or changes in stream discharge (Figure 1). Those changes can be 
positive as already discussed, or negative: the establishment of drainage ditches is 
increasingly recognized as a major factor of off-site environmental impact, as it increases 
sediment load, peak runoff rate and thus increasing flooding problems downstream (Skaggs et 
al., 1994). 
 
Gully formation 
The erosive force of the concentrated water flow in the drainage ditches may initiate 
downslope gullying of valley bottoms and further incision of existing waterways (Ireland et 
al., 1939; Simane et al., 2013). Farmlands with significant surface run-on may suffer from 
gully development as observed in the highlands of northern Thailand. Human-made linear 
landscape features such as diversion ditches or footpaths are most important for runoff 
concentration, rapid transmission of peak flows to the lower part of the catchment, and hence 
gully development (Turkelboom et al, 2008). Burkard & Kostachuk (1995) studied gullies in 
glacial clays in Ontario and observed gully expansion resulting from alteration of surface 
drainage patterns by agricultural drainage ditches. Archibold et al. (2003) reported similar 
observations in a catchment in Saskatoon (Canada) where snowmelt is the most prominent 
source of soil moisture and surface runoff. When the soils are saturated, infiltration capacity is 
too low and more water is concentrated into the drainage ditch system, which drains into 
valley bottoms, gullies and first order streams. Lack of cooperation between land users 
upstream for safe drainage and gully protection may hence lead to severe downstream gully 
erosion (Smit & Tefera, 2011). Zhang et al. (2013) and Simane et al. (2013) emphasize the 
importance of a well-thought drainage ditch design in order to benefit from the positive 
effects resulting from drainage ditches, while reducing the downstream effects. A poorly 
planned drainage ditch layout leads to enhanced gully erosion downstream (Simane et al., 
2013) and causes higher peak runoff discharge, with concomitant losses of soil and nutrients 
(Zhang et al., 2013). 
 
Increased peak discharges 
The peak discharge in rivers will be larger where hill slopes have a high drainage density. The 
drainage density comprises both drainage ditches and natural drainage by gully channels 
(Holden, 2004; Skaggs et al., 1994). Turkelboom et al. (2008) found that gully development 
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is closely related to the runoff-generating areas, runoff-concentrating features, and connective 
elements within the catchment. Drainage ditches increase the runoff connectivity in the 
catchment (Sidle et al., 2006). The presence of a drainage network is one of the most critical 
characteristics to identify farmlands that cause off-site problems (Turkelboom et al., 2008). 
But Trafford (1973) and Thomasson (1975) downplay the effect of drainage ditches on peak 
discharges: drainage of permeable soils generally results in a lowering of the flow peaks. The 
concept here is that the drainage ditches lower the temporary water table (induced by seasonal 
rainfall) and hence increase the temporary storage capacity of the top soil layer (Thomasson, 
1975). This results in a larger capacity of the soil to absorb the rain that falls during the 
beginning of each event.  
 
DRAINAGE DITCHES AND ON-SITE GULLY INITIATION 
Gully formation 
The concentrated water flow in the surface drainage ditch system may also generate on-site 
effects on the farmland. There is scarcity of literature on this topic although problems of on-
site gully initiation are widespread. In western Washington (USA) (Veldhuisen & Russel, 
1999) and on the steep and wet highlands of northern Thailand (Turkelboom et al., 2008) 
drainage ditch failures were observed when ditches got clogged by sediment. Runoff could 
break through the ditch wall, divert the water out of the drainage ditch and create a rill or a 
gully. The lack of maintenance of physical structures such as stone bunds (sensu Nyssen et al., 
2007) or drainage ditches reduces their effectiveness and even allows concentrated flow 
which enhances gully development (Tebebu et al., 2010; Shiferaw, 2002). At smallholder 
level, particularly in complex terrain, creating an effective drainage ditch system requires 
experience, (indigenous) knowledge of soils, and skills, as too steep ditches enhance incision 
and gully formation, too shallow ditches create overflow of the ditches and rill formation, and 
too many ditches are time and space consuming (Smit & Tefera, 2011). Poor design and 
obstruction of the drains are major causes of gully initiation (Hudec et al., 2005; Alt et al., 
2009; Smit & Tefera, 2011). 
Holden et al. (2004) studied the impact of peat drainage and concluded that wetland soils 
suffer from severe degradation due to ditches which can quickly erode deeply. Incised 
drainage ditches allow higher peak flows and are very dynamic whilst they dissipate little 
flow energy (Simon & Rinaldi, 2006). Ditch degradation and widening over time are the 
undesirable effects (Alt et al., 2009; Simon & Rinaldi, 2006) (Figure 2). To avoid ditches 
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developing into gullies, farmers will yearly change their position (Shiferaw, 2002; Million 
1996).  
Ireland et al. (1939) characterize gully forms of which some are determined by drainage 
ditches (Figure 3), particularly, the linear form is common along parcel borders following old 
or existing drainage ditches, and the parallel system can be formed out of parallel ditches.  
 
Other on-site effects 
Substantial on-site soil losses to the underground drainage system have also been observed in 
a catchment in Ullensaker (Norway). This subsurface soil loss was accelerated by the soil 
saturation at the end of a snowmelt period (Oygarden et al., 1997).  
Another possible on-site effect of the construction of drainage ditches is moisture deficit at 
the end of the rainy season. Hebrard et al. (2006) emphasize the large influence of land 
management such as drainage ditch networks on soil moisture distribution in a catchment. 
Nevertheless, literature is very scarce on the specific causal relation between drainage ditches 
and moisture stress for crops at the end of the rainy season. 
  
INTERACTIONS AND SIMILARITIES BETWEEN DRAINAGE DITCHES AND 
EPHEMERAL GULLIES 
Besides man-made drainage ditches, also the effects of natural drainage on 
hydrogeomorphology can be considered. The hydrological processes associated with ditches 
were also observed with ephemeral gullies (Poesen & Hooke, 1997), i.e. clearly formed 
natural waterways mostly reoccurring at the same place (Foster, 1986). Swiechowicz (2011) 
showed that ephemeral gullies on cultivated areas in Poland are most frequently formed on 
cultivated slopes in natural drainage lines. Studies conducted in the Mediterranean area 
(Martinez-Casasnovas et al., 2005), China (Zhang et al., 2007) and in  Ethiopia (Bewket & 
Sterk, 2003; Tebebu et al, 2010) confirm the findings of ephemeral gully (EG) formation on 
cultivated land, which constitutes the main drainage system. Casali et al. (1999) studied 
ephemeral gully erosion in Spain by which three main types of EG are distinguished: (i) 
classical EG, (ii) drainage EG and (iii) discontinuous EG. The drainage EG were formed by 
flows from drainage ditches in upstream farmlands which erode the cultivated plots 
downstream. They found that drainage EG were the most active EG and hence eroded the 
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largest volume of soil. Also in Ethiopia we observed that many ephemeral gullies are fed by 
runoff water from slanted drainage ditches, although there is a lack of research about this 
topic. According to Tebebu et al. (2010) and Easton et al. (2010), gullies grow more easily on 
saturated soils because of positive pore water pressures reducing the shear strength of the soils. 
Overland flow is the main factor of gully erosion on cropland (Govers et al., 1990; Auzet et 
al., 1993). Fields in midslope positions are more susceptible for rill erosion because of the 
runoff concentration (Bewket & Sterk, 2003).  
When EG are not controlled by tillage operations, they can grow into large gullies 
(Woodward, 1999; Bennett et al., 2000; Le Roux & Sumner, 2012). Tillage-induced 
roughness can redirect runoff water from topographically determined directions of flow to 
tillage lines. This concentrated flow can initiate uncontrolled EG (Takken et al., 2001).  
Long-term productivity of the farmland declines because of the repeated removal of top soil 
by gully erosion followed by the filling operations (Poesen et al., 2006; Yitbarek et al., 2012). 
Another effect of this process is the gradual lowering of the soil surface (Woodward, 1999; 
Burkard & Kostachuk, 1995; Valentin et al., 2005). The most documented on-site effects of 
water erosion and surface runoff include nutrient and soil losses (Poesen & Hooke, 1997; 
Steegen et al., 2001; Martinez-Casasnovas et al., 2005). All these effects of EG are also 
applicable to ephemeral drainage ditches that are created yearly in farmers’ fields in different 
but nearby and parallel positions. 
 
DRAINAGE AND GULLYING IN RELATION TO SOCIAL AND UPSTREAM-
DOWNSTREAM POWER CONFLICTS  
 
The history of the conflict concerning the effects of man-made hillslope drainage in England 
has been summarized by Robinson (1990). Severe floods of the Thames (London), Severn 
(Wales) and other large rivers in England were claimed as being the inevitable result of 
upstream drainage of farmland. The divided academic opinion about the effects of drainage 
ditches caused governmental inconstancy. For many years the government has been giving 
public money to farmers for construction of drainage ditches, whereas they recognized that 
further research of the hydrological effect of agricultural drainage is required. The study of 
Bankoff (2013) indicates that this discussion in England is still of interest today. 
Similarly, drainage of peatlands has worldwide been the subject of conflict between different 
stakeholders such as nature conservationists, and economists who want to increase farmland 
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productivity (FAO, 2012; Koivusalo et al., 2008). Wetland loss by peat drainage has severe 
consequences for local populations in Africa depending on the source of water and nutrients 
required for biological productivity. However, decision-makers often perceive wetlands to 
have little value compared to drained wetlands with more visible and immediate economic 
benefits (Schuyt, 2005). Also in Scotland, the relationship between peatland soils and man 
induced drainage has gained attention (Bragg, 2002). 
Smit and Tefera (2011) investigated the reason why gully erosion is still present on a hill 
slope of the Choke Mountain (Ethiopia) despite more than 20 years of soil conservation 
programs. They concluded that land degradation is not caused by intensive cultivation but by 
the absence of a coordinated drainage ditch system, that results from the occurring social 
relations within the community. Larger landowners have a higher status and are put in a 
favorable position when disputes arise concerning land, irrigation water or other ‘public 
goods’ distribution. This makes them privileged to construct drainage ditches which may 
benefit their crop yield but are detrimental for their downslope neighbors. Different interests, 
different social and topographical positions make it hard to establish a cooperation between 
land users to stop gully formation.  
Farmers try to construct their drainage ditches in such way that they will end up in a stream, 
forest or a fallow land which can slow down the runoff velocity and trap the transported 
sediment (Turkelboom et al., 2008). However, Shiferaw (2002) points to the major limitation 
of drainage ditches in a watershed in East Gojjam (Ethiopia): the ditches are constructed in 
order to find the best way to drain the excess of water so that they may have to cross 
croplands belonging to different farmers. These drainage ditches hence form a potential 
source of conflict between neighboring farmers. 
Case studies on drainage ditches (Smit & Tefera, 2011; Shiferaw, 2002; Turkelboom et al., 
2008) confirm the theory of Lanckriet et al. (2014) following Blaikie et al. (1994), who state 
that traditional crop producers in the third world are not in a chronic crisis but the economic 
impoverishment is caused by human interactions with nature. Despite the land degradation 
factors often put forward in literature, Lanckriet et al. (2014) emphasise the political mode of 
production (traditional subsistence, power relations, civil war, post-war) and its related 
conservation strategies.  
 
AN ILLUSTRATION IN LAKE TANA BASIN IN ETHIOPIA 
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Situation 
The Lake Tana basin is situated in the north-western Ethiopian highlands and comprises about 
2.5 million people. The basin includes Lake Tana (3041 km²), which is the largest lake in the 
country and fills a volcano-tectonic depression at 1785 m a.s.l. (Setegn et al., 2010; Poppe et 
al., 2013). The Lake Tana basin contains lacustrine deposits and the weathering material of 
basalts both of which support fertile soils (Colot, 2012), particularly Vertisols and Nitisols, as 
well as Leptosols on the steeper slopes (Miserez, 2013). More than half of the Lake Tana basin is 
used for agriculture (Setegn et al., 2009). The most applied production system in the Lake Tana 
basin is the grain-plough complex, with crop production consisting for 70% of cereals (Westphal, 
1975). 
 
Seasonality and rainfed farming 
Rainfall in Lake Tana basin is highly seasonal with more than 70% of the rainfall occurring in 
the kremt season (June-September). The rainfall pattern has an important impact on crop 
cultivation. The growing season for the Lake Tana region is limited to the duration of the 
rainy season and a subsequent period with residual moisture (Colot, 2012). Rainfed farming 
agriculture is dominant in the Lake Tana basin, as it is in most parts of Ethiopia (Colot, 2012; 
Araya et al., 2012; Hurni et al., 2005).  
 
Traditional drainage ditches  
Traditional drainage ditches in humid and sub-humid regions of Ethiopia are dug on hillslopes 
during the rainy season. These ditches are locally known as feses. The reasons farmers give 
for constructing drainage ditches are (i) to avoid soil erosion by runoff water, (ii) to avoid loss 
of seeds directly after sowing and (iii) to drain accumulating water away from their fields. 
Feses are constructed using the maresha ard plough, drawn by a pair of oxen (Gebreegziabher 
et al., 2009). The gradient, number, spacing, depth and width of the ditches on cultivated land 
can differ from farmer to farmer, from plot to plot and among crop types. The width of the 
ditch is chosen by the farmer in function of the depth of the soil, though usually fixed by the 
width of the ox-plough (Shiferaw, 2002).  
We studied ten catchments (0.27-4.21 ha) in the Gumara sub-basin (1279 km²) during the 
rainy season of 2013; only in one catchment no drainage ditches were present. Drainage 
densities in the other nine catchments ranged from 53 to 510 m ha
-1
. The average drainage 
density by ditches over the nine catchments was 282 (± 155) m ha
-1
. Farmers constructed 
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drainage ditches that departed from the contour with angles between 0 and 90° with an 
average of 45°. Interviewed experienced farmers stated that drainage ditches perpendicular to 
the contour make no sense as they do not catch much runoff; besides, they cause severe land 
degradation (deepening and widening of the ditch). The top width of all ditches was on 
average 27 (± 9) cm (measured directly after establishment), with a minimum of 15 cm and a 
maximum of 80 cm. After the crops have reached a certain height (decision varies from 
farmer to farmer), these feses were filled with weeding materials because the functions of the 
drainage ditches mentioned above were not necessary anymore. A significant correlation was 
found in the 10 catchments between stone bund density and ditch drainage density (R = -0.72), 
whereas the latter is also negatively correlated to soil depth (Table II). The negative 
correlation between stone bund density and drainage density can be explained by the 
government policy which forbids making feses where stone bunds were constructed at 
governmental initiative. In this way, the government tries to avoid land degradation by the use 
of drainage ditches, and hence to support sustainable land management. Nevertheless, 
drainage ditches still appear in combination with stone bunds (Figure 2) for different reasons 
mentioned by the farmers: (i) no maintenance of the stone bunds and hence malfunctioning, 
(ii) the excess of water needs to be drained away and (iii) water overflowing the stone bunds 
does erode their field. Local courts are very busy during the rainy season resolving conflicts 
between farmers concerning feses construction draining water to neighboring farmer’s fields. 
There is only one verdict as the authorities follow the government policy and hence the 
drainage ditch has to be closed. 
 
Soil erosion related to drainage ditches 
Farmers alternate the position of the traditional constructed ditches every cropping season in 
order to avoid their gradual widening and deepening over time (Shiferaw, 2002). Farmers are 
aware of the fact that drainage ditches transport fertile topsoil from their land downstream. 
But according to the farmers in Lake Tana basin feses are the best way to avoid soil erosion in 
the beginning of the rainy season if no other on-site conservation measures like stone bunds 
are available. As a result of this soil transport, the bottom of the feses frequently reaches down 
to the bedrock (Figure 4). 
Rill erosion and gully formation are the most important processes causing soil loss by water 
which form a severe threat to the subsistence rainfed agriculture and the national economy of 
Ethiopia. Thus the lack of knowledge of (i) the process of gully erosion (Poesen et al., 2003; 
 
   
13 
 
Tebebu et al, 2010) and (ii) the environmental impacts of artificial drainage (Skaggs et al., 
1994) is problematic as it can lead to mismanagement in the basin. This concerns also the 
livelihoods of tens of millions of people downstream in the lower Nile river basin.  
 
CONCLUSIONS 
Sloping farmland is susceptible to erosion induced by high rainfall, seasonal soil saturation 
and the construction of drainage ditches. Man-made soil drainage has a range of benefits for 
the farmer’s land, although researchers are still divided about the balance of their positive and 
negative effects. The similarities and interactions between ephemeral gullies and drainage 
ditches have to be considered to account for all effects of drainage. The use of drainage 
ditches has both on-site and off-site impacts. Downstream problems such as increased 
sediment load, higher peak discharges and gully initiation are well documented. Gully erosion 
appears as a result of the combination of runoff-generating areas (saturated soils), runoff-
concentrating features (drainage ditches) and connectivity in the catchment. But few studies 
deal with the on-site effects of drainage ditches although problems of soil removal and gully 
initiation are reported. We recommend further research about the on-site effects of drainage 
ditches on root depth, moisture conditions and rill and gully formation. The case of the Lake 
Tana basin illustrates the importance to further study (i) the hydrogeomorphic impacts of 
drainage ditches and (ii) the similarities with the processes of ephemeral gully erosion. This 
will enhance better management strategies to reduce the negative impacts on the environment. 
Finally, drainage ditches are a potential source of conflict between neighboring farmers with 
different interests and power positions. 
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FIGURE CAPTIONS 
 
Figure 1.  Environmental changes induced by drainage ditch construction; in brown colour 
changes linked to agriculture, in green to vegetation and biodiversity, in purple to 
groundwater, and in blue to surface water. Changes addressed in this study are in 
dark blue (modified from Spaling and Smit, 1995). 
 
Figure 2. Slightly slanted drainage ditches on cropland drain surface runoff towards a main 
drainage ditch running downslope (diagonally through the photograph) and hence 
induce gully erosion. Direction of flow in the drainage ditches is indicated by 
arrows. Farmers make use of both drainage ditches and stone bunds (Wanzaye, 
Ethiopia, Aug. 2013). 
 
Figure 3. Characteristic gully forms in relation to surface drainage: A. linear; B. bulbous; C. 
dendritic; D. trellis; E. parallel; F. compound (after Ireland et al., 1939). 
 
Figure 4. Bedrock exposure by gully erosion due to the construction of a feses drainage ditch 
construction in cropland near Wanzaye (Aug. 2013). In the background, another 
gully has cut the soil down to the bedrock.  
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TABLES 
 
Table I. Studies addressing seasonal surface drainage ditches on cropland and their 
hydrogeomorphic effects. Study areas are listed by latitude; NA = not available. 
Country Place Rain and 
runoff regime 
Slope 
gradient 
(%) 
Soil type Hydrogeomorphi
c impacts 
Authors 
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Canada Saskatoon, Saskatchewan                             seasonal NA relatively 
impermeable clays 
+         
Archibold et 
al., 2003  
Canada Goderich peak 
discharges 
during spring 
melt 
NA NA 
+ +       
Burkard & 
Kostachuk, 
1995 
Canada Southern Ontario extreme 
precipitation 
regimes in 
summer 
NA various 
        
 
+ 
Spaling & 
Smit, 1995 
The 
Netherla
nds 
Central Netherlands Precepitation 
surplus of 
200-400 mm 
yr
-1
  
NA peat, 
clay 
     
Schot  et al,  
2004 
France Roujan basin bimodal  2-24  Calcaric soils 
     
Hebrard et 
al.,  2006; 
Moussa et 
al., 2002 
Spain Southern Navarra high 
interannual 
variability  
1-14 loam 
 + + 
 
+ 
 
Casali et al., 
1999 
U.S.A Washington spring 
snowmelt 
various NA 
+ + +     
Veldhuisen 
& Russel, 
1999 
U.S.A Piedmont, South Carolina various NA various 
+ +       
Ireland et 
al., 1939 
Thailand Pakha village,                                                                                                                                     
Mae Chan District  
seasonal 11-84 Umbrisols,
Regosols, Cambisols 
+   +     
Turkelboom 
et al.,2008 
Southea
st Asia 
 monsoon 
climate 
NA various 
+         
Sidle et al., 
2006 
Ethiopia Choke Mountains seasonal 5-25 heavy clay  
+   +   + 
Smit & 
Tefera, 
2011; 
Simane et 
al., 2013 
Ethiopia Gozamen, East Gojjam unimodal 
rainfall pattern 
NA only local names are 
given 
+   +   + 
Shiferaw, 
2002 
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Nigeria Imo State heavy rainfalls NA NA 
+   +     
Hudec et al., 
2005 
Ghana Accra Plain two rainy 
seasons 
0,1-1 Vertisol 
     
Nyalemegbe  
et al., 2009 
Australi
a 
NRCMA Region various NA various 
+ + +   
+
  
Alt et al., 
2009 
various various various NA peat 
  + +     
Holden, 
2004 
various various various various various 
+ 
  
      
Pathak et al. 
2005;  
Luthin, 
1966;              
Simon & 
Rinaldi, 
2006; 
Skaggs, 
1994 
 
Table 2. Correlation matrix for catchment and drainage density statistics in the Lake Tana basin. 
* = correlation at a 0.05 significance level.  
 
    Ditch 
drainage        
density  
Stone 
bund  
density  
Soil depth  Stoniness  Top width 
of drainage 
ditches  
Average slope 
gradient 
0.37 -0.17 -0.64* 0.68* 0.14 
Ditch drainage        
density  
 -0.72* -0.40 0.08 0.25 
Stone bund  
density  
  -0.04 0.26 0.32 
Soil depth     -0.79* -0.31 
Stoniness      0.19 
 
